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ABSTRACT 
The current pot trial was conducted to estimate the impacts of different types of biochar on 
the growth and nutrients availability of maize (Zea mays) and their effects on the properties 
of soil. Treatments including four different feedstock based biochar i.e wheat straw, rice 
husk, corn cob and wood bark were applied to the soil in 10 kg pots @ 1.5% w/w. The 
experiment was carried out using complete randomized design (CRD). The crop was 
harvested after the plants have completed their vegetative growth. Physiological parameters 
of the crop (plant height, leaf area, chlorophyll content) were measured before harvesting 
while shoot mass (fresh and dry) and root mass (fresh and dry) were calculated after 
harvesting of the crop. The data showed a significant difference when compared with the 
control. Plant height was significantly increased from 140cm (control) to 159.9cm in T4 
(wood bark biochar). Experimental soil was analyzed in the laboratory for NPK, water 
aggregate stability, organic matter and active carbon. Wet aggregate stability value of the soil 
was improved from 17.82% to 19.5%. Similarly soil active carbon was significantly 
improved from 259.33 ppm to 321.25 ppm. The data showed more significant results of wood 
bark biochar. Nutrient availability in the soil and plant nutrients uptake N (21.6%), P 
(31.25%) and K (45%) was increased as a result of biochar incorporation in the soil.  
Keywords: Biochar, organic matter, active carbon, maize growth. 
 INTRODUCTION 
Biochar is a rich carbon composite formed 
by the burning of biomass in the absence 
or very limited supply of oxygen. Biochar 
has a potential to escalate soil fertility and 
it is widely renowned source of carbon 
requisitioning in soil (Lehmann and 
Joseph, 2009). Different types of biomass 
can be used for the preparation of biochar. 
The commonly used are wheat straw, rice 
husk, wood bark, corn cob, peanut shell 
etc. Biochar mixing in the soil is a 
proficient method to enhance carbon 
storage of soil. (Sohi, 2012). Rice husk 
biochar can be re cycled very simply in a 
rice-wheat cropping scheme without any 
damage to soil heath (Shackley et al., 
2012).Biochar have greater surface area, 
chemical stability, cation interchange 
capacity, aromatic product and rich source  
of carbon acts as soil conditioner in 
improving soil physical, natural and biotic 
properties, soil fertility by supplying and 
retaining the nutrient and water, 
agricultural crop productivity and crop 
resistance to various diseases as proposed 
by many researchers. Biochar have 
potential to alleviate the changes in 
climate (increasing level of CO2, methane 
and other greenhouse gases), through long 
term carbon sequestration and act as soil 
enhancer (Lucchinia et al., 2014). Jeffery 
et al. (2017) concluded that with the 
addition of biochar in tropical agro climate 
improves 25% of the crop yield as 
compared to temperate agro climate which 
leads to negative effect. 
Soil organic matter is one of the 
most prominent factors that cause increase 
in nutrient availability for the plants. 
Pakistani soils are considered deficient in 
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organic matter as they contains less than 
1% organic matter while 1.29% organic 
matter in the soil is considered sufficient 
for crop growth. Addition of organic 
matter improves soil aggregate structure, 
soil water holding ability, microbial 
activities and microbial community thus 
helps in more production (Aziz et al., 
2010). Different organic amendments can 
be added into the soil to increase its 
organic matter percentage. Most 
commonly used organic amendments are 
biogas slurry, farm yard manure, poultry 
manure and biochar. Improved soil 
structure is one of the most denoted 
benefits of organic amendments over 
chemical fertilization (Thangarajan et al., 
2013). 
Soil aggregate constancy and soil 
organic matter can be preserved by the 
application of biochar many researches 
showed the use of biochar as an 
adjustment for better crop production and 
to improve chemical properties of tropical 
soils which are highly battered. Whereas, 
some researchers stated the impact of 
biochar on soil erosion and soil physical 
features. Bulk density of the soil is 
reduced by the increase of biochar in soil. 
Biochar has adsorptive nature that’s why 
its application in soil upturns the soil 
porosity and water retention capability. 
The availability of major plant nutrients is 
increased by the application of biochar to 
soil (Lehmann et al., 2014).  
Soil aggregate stability and soil 
organic matter can be maintained by the 
mixing of biochar (Trompowsky et al., 
2005).Many researches showed the use of 
biochar as an amendment for healthier 
crop production and to improve chemical 
properties of tropical soils which are 
highly weathered ( Liang et al., 2006). 
Whereas, some researchers stated the 
effects of biochar on soil erodibility and 
physical characteristics (Leonard, 2013) 
said that by the increase of biochar in soil, 
the bulk density reduces. (Herth et al., 
2013) conducted experiment and proved 
that biochar has adsorptive nature that’s 
why its application in soil increases the 
soil porosity and water retention capacity. 
The availability of major plant nutrients is 
increased by the application of biochar to 
soil (Lehmann et al., 2014). 
All these properties make the 
biochar a very good adsorbent for a 
diversity of mineral and organic pollutants  
in water and soil environment, Sorption 
mechanisms include electrostatic 
attractions between ionic organic 
compounds and biochar charged surfaces. 
Under this context we assumed that 
biochar obtained from different feedstock 
may have varying effect on soil nutrient 
availability and soil physical properties. 
Therefore, present study was conducted to 
estimate the impacts of different types of 
biochar on the growth and nutrients 
availability of maize and their effects on 
the properties of soil. 
MATERIALS AND METHODS 
Experimental Site 
The pot experiment was conducted 
at the research area institute of soil and 
environmental sciences, university of 
agriculture, Faisalabad. Pre-experiment 
physiochemical properties are listed in 
Table 1. Hydrometer method was used to 
determine the proportions of sand, silt and 
clay (Bouyoucos, 1962). Core method was 
used to determine the bulk density of soil 
(Blake and Hartge, 1986). Model HM-12 
pH meter was used to measure pHs and 
Jenway Conductivity Meter Model – 4070 
was used to measure the ECe of saturated 
paste. Soil available phosphorus was 
determined by using spectrophotometer 
((Olsen et al., 1954) and potassium was 
determined by using flame photometer. 
Treatments and Experimental Plan 
In each pot, about 10 kg soil was 
filled. 4 different types of biochar based on 
4 different feedstocks were mixed in the 
soil before the sowing of hybrid maize. All 
the amendments were mixed in the soil at 
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the ratio of 1.5% w/w in every pot before 
water application. No organic amendment 
was applied in control. Treatments were 
arranged in a completely randomized 
design (CRD) replicated three times. 
Treatments for the experiment were: 
T1 = Control 
T2 = Wheat straw biochar 
T3 = Rice husk biochar 
T4 = Wood bark biochar 
T5 = Corn cob biochar 
Table 1: Physico-chemical properties of 
experimental soil. 







pH  7.49 









Textural Class Loam 
Collection of Data  
The crop was harvested after two 
months. The plants were harvested; air 
dried and then brought to laboratory for 
analysis. Plant height (cm), chlorophyll 
contents (SPAD) were measured before 
harvesting using measuring tape and 
SPAD chlorophyll meter respectively. The 
soil was collected from each pot after the 
harvest of crop in order to analyze soil OM 
and total nitrogen. For determining organic 
matter (%) in soil, the Walkley-Black 
procedure was used (Nelson and Sommers, 
1996). Artificial rain simulator was used to 
measure wet aggregate stability in the soil. 
Soil active carbon was also calculated. 
Spectrophotometer and flame photometer 
were used in the laboratory to find the 
concentrations of NPK in the plants. 
RESULTS AND DISCUSSION 
Plant Height (cm) 
In figure 1 the data revealed that 
the highest mean value for plant height 
was obtained in the treatment receiving 
wood bark biochar (T4) (159.5 cm) while 
the lowest was obtained in control (T1) 
which contained no biochar (140 cm). An 
increasing trend has been noticed in plant 
height with the addition of biochar. T4 
showed 48.75 % increase in the mean 
value of plant height as compared to the 
control followed by T2 (31.65%). There 
was a small increment in plant height in 
the pots with corn cob biochar. Increase in 
plant height due to addition of biochar 
showed that plants nutrient uptake was 
increased by the biochar (Atkinson et al., 
2010). 
 
Figure 1: Effect of different biochar on plant 
height of maize. Bars with different letters are 
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Plant Chlorophyll Contents 
It is obvious from the data in figure 
2 that increased chlorophyll contents 
(SPAD value) have been noticed in the 
plants grown in the pots with different 
types of biochar. Control showed the 
lowest mean value of chlorophyll contents 
(24.2). T2 (Wheat straw biochar) and T3 
(rice husk biochar) showed the increasing 
trend (25.1 and 27.4 respectively) from the 
control value. The highest value has been 
obtained in the T4 (wood bark biochar) 
which showed 21.07% more chlorophyll 
than control. Mean value for T4 was 29.3. 
Corn cob biochar (T5) gave slightly better 
results than control (26.1) that was 7.85% 
more than control. The plants with treated 
soil showed more photosynthesis rate and 
were dark green in colour due to the 
presence of more amount of chlorophyll 
(Carter et al., 2013).  
 
Fig 2: Effects of different types of biochar on 
chlorophyll contents of maize. Bars with 
different letters are significant at 5% 
probability.  
Plant Nitrogen (%) 
The data pertaining to the impact 
of different types of biochar treatments on 
plant nitrogen Figure 3 which clearly 
indicates that biochar application had 
significant effect on plant nitrogen .Plant 
nitrogen was significantly increased with 
the incorporation of biochar amendments. 
As regard of all treatments, maximum 
mean plant nitrogen value was observed in 
wood bark biochar (1.153 %) followed by 
rice husk biochar (1.13 %) and then corn 
cob biochar (1.126 %). This was least in 
control or treatment with no amendment 
application (1.04 %). The results of wheat 
straw were slightly significant than the 
control (1.06 %). Simon et al. (2019) 
showed the significant increase in plant 
nitrogen uptake from the soil. More 
nitrogen values were observed in the 
plants grown in biochar amended soils 
with the application of biochar. 
Figure 3: Effect of different biochar on nitrogen 
content in maize. Bars with different letters are 
significant at 5% probability. 
Plant Phosphorus (%) 
  The data pertaining to the impact 
of different types of biochar treatments on 
plant phosphorus Fig. 4 which clearly 
indicates that biochar application had 
significant effect on plant phosphorus. 
Plant phosphorus was significantly 
increased with the incorporation of biochar 
amendments. As regard of all treatments, 
maximum mean plant phosphorus value 
was observed in wood bark biochar (0.40 
%) followed by corn cob biochar (0.373 
%) and then wheat straw biochar (0.370 
%). This was least in control or treatment 
with no amendment application (0.30 %). 
The results of wheat straw were slightly 
significant than the control (0.34 %). 
There was 25% increase in the T2 than 
control. Similarly 31.25% increase was 
noticed in T3 (Rice husk biochar) and 
28.12% in T4 (wood bark biochar). The 
results are similar to the previous study 
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study evaluated that Biochar application 
improved the soil water retention and more 
P became available to the plants. 
 
Figure 4: Effect of different biochar on 
phosphorus content in maize. Bars with 
different letters are significant at 5% 
probability. 
Plant Potassium (%) 
Mean values of plant K in all five 
treatments in figure 5 clearly shows the 
significant impacts of different types of 
biochar on plant potassium. Plant K was 
significantly increased with the 
incorporation of biochar amendments. As 
regard of all treatments, maximum mean 
plant potassium value was observed in 
corn cob biochar (2.18%) followed by 
wood bark biochar (2.05 %) and then rice 
husk biochar (2.58 %). This was least in 
control or treatment with no amendment 
application (1.78 %). The results of wheat 
straw were slightly significant than the 
control (1.853 %). As we can see that 
mean values for all four treatments were 
more than control. Simon et al., (2019) 
showed the significant increase in plant 
nitrogen and potassium uptake from the 
soil with the application of biochar. 
 
Figure 5: Effect of different biochar on 
potassium content in maize. Bars with different 
letters are significant at 5% probability.  
Wet Aggregate Stability (%) 
The data pertaining to the impact 
of different types of biochar treatments on 
soil water aggregate stability Figures 
clearly indicates that biochar application 
had significant effect on soil water 
aggregate stability. Soil water aggregate 
stability was significantly increased with 
the incorporation of biochar amendments. 
As regard of all treatments, maximum 
mean soil water aggregate stability value 
was observed in wood bark biochar (19.5 
%) followed by corn cob biochar (19.04 
%) and then rice husk biochar (18.93 %) 
followed by wheat straw biochar (18.07 
%). This was least in control or treatment 
with no amendment application (17.82 
%).the results of wheat straw biochar were 
slightly significant than the control. The 
soil amended with wood bark biochar (T4) 
gave the highest increase (9.4%) than the 
control. T2 (wheat straw biochar) showed 
the lowest percent increase (1.4%). Wei et 
al., (2020) elaborated that biochar has 
porous surface area and thus helped in the 
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Figure 6: Effect of different biochar on soil 
aggregate stability. Bars with different letters 
are significant at 5% probability. 
Soil Organic Matter (%) 
Organic matter in Pakistani soils is 
less than 1% which is very deficient. Soil 
organic matter was significantly increased 
with the incorporation of biochar 
amendments. As regard of all treatments, 
maximum mean soil organic matter value 
was observed in wood bark biochar (1.23 
%) followed by corn cob biochar (1.15 %) 
and then rice husk biochar (1.11 %) 
followed by wheat straw biochar (0.96 %). 
This was least in control or treatment with 
no amendment application (0.93 %).the 
results of wheat straw biochar were 
slightly significant than the control. Wood 
bark biochar showed statistically the 
highest organic matter in soil (Figure 7). 
Wheat straw and control showed 
statistically similar soil OM. This was 
statistically least in control. Min et al., 
(2019) reported that biochar incorporation 
in the soil significantly increased the 
organic matter in the soil. 
The data pertaining to the impact 
of different types of biochar treatments on 
soil active carbon (Figure 8) which clearly 
indicates that biochar application had 
significant effect on soil active carbon. 
Soil active carbon was significantly 
increased with the incorporation of biochar 
amendments. 
 
Figure 7: Effect of different biochar on soil 
organic matter. Bars with different letters are 
significant at 5% probability. 
Soil Active Carbon (mg kg
-1
) 
As regard of all treatments, 
maximum mean soil active carbon value 
was observed in wood bark biochar 
(321.25  mg kg
-1
) followed by corn cob 
biochar (306.22 mg kg
-1
) and then rice 
husk biochar (302.97 mg kg
-1
) followed by 
wheat straw biochar (285.62 mg kg
-1
). 
This was least in control or treatment with 
no amendment application (259.33 mg kg
-
1
). The results of wheat straw biochar were 
slightly significant than the control. 
Haoming et al., (2019) conducted a trial 
and concluded that the application of 
biochar in soil retained much more carbon 
in the soil. 
 
Figure 8: Effect of different biochar on soil 
active carbon content. Bars with different letters 
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Maize growth enhanced 
significantly with biochar application into 
the soil. Among all types of biochar, the 
application of wood bark biochar was 
found superior in terms of increasing 
growth parameters like plant height, 
chlorophyll contents, NPK uptake and soil 
properties like wet aggregate stability and 
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